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ABSTRACT

Several preliminary tests and one reactor endurance test are planned on the NRX-A6
reactor at Test Cell "C" of the Nuclear Rocket Development Station in Nevada. These
tests have been planned to provide significant development information on the design and
operating performance of the test article assembly. This report contains analyticel predic~
tions of the behavior of the test article during the planned tests. These predictions will be
compared to test data during and ofter the test in order to establish whather the reactor
performs in the expected manner. Included are predictions for normal operation and for

emergency shutdown.
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1.0 INTRODUCTION

The NRX-A6 reactor will be tested in an upfiring position at Test Cell "C" of the
Nuclear Rocker Development Station in Nevada. The demonstration of endurance at rated
conditions is the prime operational test objective. The major experimental test objectives
are the evaluation ot the structural, nuclear, corrosion, thermal, fluid flow, and radiation
performance of the NRX-Aé test assembly during all phases of operation.

One test is planned for 60 minutes at rated conditions or until a predetermined loss

K}
\

of reactiviiy hos occurred, However, if required, several runs may be made to complete the

prime operational test objective. The tests wili be conducted according to the NRX-A6
Test Specification. L

This report contcins predictions for the complete series of NKX-Ab tests summarized in
table 1-1. The predictions give the expected values of many measured reactor and fecility
parameteis. Through comparison of the predictions with test data, deviations from normal
reactor end facility cperation may be identified for subsequent detailed evaluution.

Detailed therma!, fluid flow, nuclear, radiation, and geometric design analysis
data for the NRX~A6 reactor ure available in the Data Bock. 2 The digitci analysis methods
utilized in developing the predictions presented in this report are the same as those previously
stilized in the NRX-A1S, NRX-A2%, NRX-A3, NRX/EST®, and NRX-A5’ tesr prediction
reports except for modifications due to reactor design changes and model improvements
justified on the basis of test data.

The NRX-A6 feedsystem predictions presented in this report were obtained using
the CAM=A6 reactor and feedsystem mode! described in Reference 8. The reactor model is
identical to the models used for NRX/EST and NRX-AS5 analog predictions with appropricte
changes due to hardware differences and other modifications which have been made on the
basis of comparisons with NRX/EST and reactor test data. The feedsystem model consists of
a representation of the turbine, pump, heat exchanger, inlet line to nozzle torus, kigh
pressure dewar line and appropriate orifices and valves. The facility controllers which now

exist in Test Cell "C" arz also simulated.

*! lumbers refer to references listed in Chapter 1.
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The ioint test predictions of the Thermal and Nuclear Design (TND) and the Nuclear
Systems Engineering (NSE) departments ore presented in this report. All supplements will be
issued on different colored sheets as additions, revisions, or deletions to this original test
prediction report, A three-ring binder is used for convenience in making these changes.
The tmergency Shutdown chapter will be issued as a supplement as soon ¢« the dezign of the

emergency shutdown system is completed.
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2.8 SYSTEMS DESCRIPTICN

2.1 Reactor Description

The NRX-A6 reactor consisis of a graphite fuel core surrounded by o beryliium
reflector assembly. The reflector assiembly houses the ccre latero! suppoct system and the
control drums. The coce is made up of fuel cluster assemblies which are axiclly susperded
from g support plote. A simwulated shield is located above the suppost plate. The reactor
configurction is shown in figure 2-1. A complete deiailed description of ithe NRX-A6 reactor
is given in Reference B. The Hllowing subsections present a brief description of principal

-ecctor components and idertity major desicn changes from the NRX-AS reactor.

A.  Core

The basic fuel component of the NEX-AE& reactor is a hexagoaa! shaped fuel
element containing 15 coolant channels. Each channel is coated with niobium and over-
coated with molybdenum to provide improvea reidbang corresion perfarmance for the fuel
matericl. The fuel eiements cre assembled to form clusters. Each nominal ciuster consists
of si.. fuel elements surrounding a centiai unfueled =lement. Both the urnloaded and
tueled eiements have identical cutside dimansions. All urfueled centrl elements of the
MRX-A6 are externaily ccated with NbC. The unfueled centrai elements of the NRX-AS
were uncoated with thie exception of those in the Tirst two exterior rows of elements.
Each unfueled element contains an Inconel iie rod that is ottached to the core support
plate to provide axial restraint. lrregular clusters which can contcin more than cae urfueled
support element, an irregular number of fuel element., and partial unfueled elements sre
used a: the periphery. Filler strigs at the periphery complete the cylindrical shape of the
core. Pyrofoil stripe are used between the filler strips ard the peripheral f.el elements to
provide g slip plane i reduce friction between these *wo surfaces during transient operation.
A pyrofoil wrapper und pyrographite tiles are used betwnen the filler strips and the lateral
support system. In addition, c particle retainer has been added in the dome area of the

#iller strip to assure that broken particles cannot work their way ints the core inlet pienum.

CTONPIDENTIAL
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At its aft end, each cluster is connectez to the tie rod through a support block. The
NRX-A6 uses skirtless support blocks with composite (NbC and carbon) protection cups. The
"NRX-A3S suppert blocks had a skirt which extended to the end of the protection cup. Tungten
yotection cups are used for the irregular periphera! ciusters in which twe centrcl Cnfueled
:lements are adjacent to esck cther and for the clusters with exit gas thermocouples.

A sketisticelly designed tue! element arrancement hos been incorporated in the
NRX-A6 core, using fuel elements fobricated by Y-12 and WNCC. In addition, experimental
elements mcde with various new coating technigues and processes as well as new fuel matrix

compositions are includec. Also seven LASL clusters with pedestal support are used.

simiiarly cs ir XE-1, twenty-one cluster exit gas the:mocouples have been

incorporated in the NRX-A6 reactor.

B. “:flector
The reflectar consists of three besyllium rings which are stacked to form o

cylindrical assembly. In .ddition io its nuclear function, the reflector is o major mechanical
cemponeat in that it contains the control drums, houses *he lateral support system springs
ard transmits the axial 1oad from the support plate and reflector to *he nozzle flange assembly.
The -eflector 1csumbly is cooled by hydrogen propeliant after it exits from the nozzle tubes.
Part of thic ficw is diverted to the pressure vessel annulus where it cools the pressure vessel
and the .uter beryllium reflector. !n addition, the beryllium reflector consisted of twelve

ax 1l segments instead of annular rings.

C. Lateral Support and Sea: System
The lateral support system consists of 24 rows of seals. Plunger pins and slzeves
which pe:'girate the reflector inner diameter are held in place against the inner seal segments
oy . zhical coil springs c2ated in the reflector. The inner seal segments in turn translate
along vhe outer seal segments which are seated on the inner diameter of the reflector.
Coolani holes are plcced in the NRX-A6 seal segments to provide controlled leakage at the

core periphery end provide tne desived axial pressure profile to insure adequate core bundling.

“CONFIDERTIAL
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The NRX-A6 lateral support and seal system is of a gifferent design than previcus NRX

reaztors, but functionally it is the same.

(CRD) D. Core Support Plate and Reactcr Suppert Sy tem

The core is axially supported by the core support picte. A total of 289 cluster
tie rods are attached to the support plate. The support plate is attached to the berylitum
reflector assembly by mean: of the forwa-d end support ring. The reflector in turn is attached
to the nozzie by the aft end support ring. In the NRX-A5 reactor, a dome end support ring

ccanected 2o the forward vessel flonge was used for core support.

{CRD) E. Shield

The domed aluminum shield is similar to previous NRX simuiated shields. The
simulated shield is cooled by propeilant from the refiector outlet glenum. The fir:- pass of
the shield is cooled by flow through coolant holcs in the shield, annular flow passage around
the drum drive shafts which senetrate the shield and by the annuius flow between the shield
and the pressure vessei. This flow is mixed in the dome plenum (region between the shield
and the pressure vessel dome). The coolant then passes axially through the seco~d pass
coolant channels of the shield in the direction toward the support clate. Screens are placea at
the aft end of ecch of the second poss holes of the shield to serve as particle catchers. the
NRX-A5 reactor had a single domed screer. assembly between the shield and support plate.

2.2  Feedsystem Description

A schematic of the Test Cell "C" feedsysiem and the NRX-A6 reactcr is shown in
Figure 2-2. Liquid hydrogen flows from a low pressure dewar through the iurbopumo and
flow meter. Part of the pump flow is bypassed out of L - 109 in order to maintain @ consteat
ratio of pump flow rote tc speed of approximately 0.0038 It/sec/rpm. This byposs flow
enables the pump to be operated in a region of sufficient stail margin. Flow then posses
through the pump discharge check vaive after which most of this flow passes to the reactor
while the remainder flows to the counter=flow hydrogen-water heat exchangers cnd is

used to drive the turbine.

CONFIDENTI:
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The heat exchanger flow passes through inlet valves H-11 and H-21. The liquid
hydrogen is heated to ambient temperature gas in the heat exchangers by h<at transferred
from the counter-flow water. The exit gas passes through the turbine pcwer control valve
H-60. This control valve regulates turbine power. In order to bootstrap or start the system,
ambient hycrogen is provided to the turbine through H-33.

The reactor LH, fiows through venturi LF-10. Downst:eam of LF-10, a vent valve
L-111 is provided for chilling the pump and line during powered startups. Feedline flow
is initially bypassed through L-111 and then transferred 1o L-11 by closing L-111 and opening
L-11. Flow through L-11 proceeds to the reactor via flow venturi LF-6.

A high pressure LH2 dewar in parallel with the normal LH, feedsystem is provided
for emergency shutdown of the reactor. This dewar has a capacity of 4400 Ibs. and has an
operational pressure limit of 750 psia. The high pressu:e dewar system is normally- isolated
from the main propellant feedline by a checkvalve. The dewar is pressurized by hydrogen
through valve X~53 and vented by valve X-161. Six gas bottles are provided for pressure
blow-down during un emergency shutdown. On shutdowr:, the pressurizing valves cre closed
and dewar flow starts as soon as the main feedline pressure drops below the dewar pressure.
Flow to the reactor is maintained by the expansion of the bottle gas forcing flow from the dewar
to the reactor.

The gas accumulator system shown by the dashed iines between the turbopump and
heat exchangers represents a modification of the Test Cell “C" Feedsystem to prevent a severe
reduction in flow during the first second of emergency shutdown. The accumulator is pressurized
by back flow of liquid hydrogen through a hole drilled in the check valve. The liquid
vaporizes in the uninsulated accumulator and pressurizes it. The accumulator provides a means
for sustaining feedline flow after feedline pressure at the accumulator check valve drops
below the accumulator gas pressure. Emergency shutdown studies indicate that this gas
accumulator system can be quite effective in preventing excessive temperatures in the nozzle
tube walls.

Table 2-1 isatabulation of major system line lengths and volumes used in analysis of

the feedsystem.
(THIS PAGE IS UNCLASSIFIED)
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TABLE 2-1
MAJOR SYSTEM LINE LENGTHS AND VOLUMES
Description Volume (in3) Length (in)
Main Feedline
L-11 to nczzle torus 31,324 625
Pump discharge check valve to L-11 47,418 696
Main propellant feedline tee to TES
inlet check valve 18, 184 700
Pump discharge to L-109 and check valve 3,500 136
High Pressure Dewar
Feedline to base of high pressure 41,880 837
dewar
High Pressure Dewar 1, 880, 000 152
Gas Bottles to High Pressure Dewar 8,754 590
One gas bottle 81, 216 200*
Turbine Energy Source
TES inlet check valve to exit of
two active heat exchangers 190, 000 4,762**
Two inactive heat exchangers 173, 000 4,100
Heat exchanger exit to H-60 48, 900 rxe
H-60 to turbine inlet 2,000 *Ex

®  There are six gas bottles piped in parallel.
**  There are four heat exchangers, two of whizh wiil be used for NRX-A6.
*** Not used in model.
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2.3 Control; Description

Reactor flow and pump speed control systems are provided in Test Cell “C" as
described in section 2.2 of this report. The speed controller provides the necessary signal
to the turbine power control valve to establish a desired speed. if the measured speed is
less or grecter than the demand speed, the valve will open or close respectively, thus
providing the proper amount of flcw to the turbine. The flow controiler in tum provides the
speed demand to the speed controller based upon a comparison between a desired reactor
flew rate ond a flow rate as measured at flow venturi LF-10.

In order to insure that the Mark XXV turbopump operates sufficiently away from the
stall region, a specific speed loop is provided. The function of this control system is to
bypass pump flow through the pump vent valve L-109 in order to maintain a constant ratio
of pump flow rate to speed. This action provides sufficient stall margin for the turbopump
during nomal operation.

Controllers are provided for the turbine energy source (heat exchanger) inlet valves
H-11 and H-21 which automatically position these valves to obtain the desired pressure drop
between t~e main propellant line and the turbine energy source.

Reactor power and temperature controi systems are provided. The power controller
adjusts the reactor control drum position to obtain the desired reactor power levels. Control
systems are provided for reactor chamber temperature and station 26 temperature control.
Both systems provide closed loop signals to the reactor control drums based on errors between
measured and demanded temperatures.

Both power and temperature control!ers have override circuits (limiters) which are
designed to prevent the power and temperature limits from being exceeded shou!d malfunctions
occur. These systems produce control drum demand signals capable of overriding normal
controller demands.

The relative stability cf the above closed loop control systems is given in table 2-2.
Predicted gain and phase margins for sinusoidal perturbations are given for two reactor

operating conditions == design and a low flow condition, The gain margin is designed as that

2-6
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factor by which the measured over demand ratio must be multiplied when the phase is 180° in
order to produce marginal stability. The phase margin is defined os 180° minus the phase lag
between demanded and measured contro! parameters that occurs at unity gain. This table
shows the effect of operating level on the degree of stability of the flow, speed, power,
temperature, limiters, and hear exchanger control systems.

A more detailed description of reactor and facility control systems is found in

Reference 10.

CONFIDENTIAL
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TABLE 2-2
RELATIVE STABILITY TABLE
Gain Margin Reactor Chamber
20 i.og] 0 Condition
(Stability Factor) Phase Margin Flow Temperature

Controller db degrees {°) (Iu/sec) (°R)
Flow and 8 75 71.3 4090
Specific Speed 10 70 36.0 1700
Speed and >30 80 71.3 4090
Specific Speed >30 65 30.¢C 1700
Power 21 75 71.3 4090

21 75 30.0 . 1700
Temperature >24 85 71.3 4090

13 37 35.0 2000*
Temperature 25 45 71.3 4090
Limiter
Power 8 65 71.3 4070
Limiter
Heat Exchanger 25 90 71.3 4090
Inlet Valves 25 45 30.0 1700

*Temperature controller not activated until 2000°R hold.
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3.0 LIMITATIONS

The NRX-A6 reactor operatir, .'mits are summarized in tables 3-1 and 3-2. These limits
were designed to prevent damage to the test article assembly during all phases of test uperation.
The tables group the limits according to each specific test, and primarily only the limits that
may be reached during the test are given. This arrangement simpiified the proclem of finding
which limits are important for the different tests. The limits were taken from the NRX-Aé

Test Specificotion]. Any revisions in these operating limits will appeor in supplements to the
NRX-Ab6 Test Specification.

(THIS PAGE IS UNCLASSIFIED)
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TABLE 3-1

NRX-A6 LIMITATIONS: PART 1 - REACTOR TEMPERATURES AND PRESSURES

Gaseous Fuil
Nitroger. Power
Parameter Nuclear Tests Flow Test Test Cooldown Erergercy
TEMPERATURES (°R)
Quter Reflector Tie Boit 750 -— --- 750 750
Support Plate 330 - -—- a30 830
Moaximum Initial Quter
Reflector - -~ 550 -—- -—--
Avercge Tie Rod Mateqdal 1600 - 1200 1609 1600
Any Core Starion with
Air Cooling 800 -— -— 8CC 800
Ceore Station 20 oi 26
with Nitrogen Cooling 1400 --- -— 1400 1400
Any Core Station with
Poison or Au Wires 645 -— -—- -— -~—-
Core Siation | -— -— 950 950 950
Core Station 26 (avg.) -—— e 3590 3990 3990
Nozzle Chamber (avg.} -—- - 4290 4290 4290
PRESSURES (PSIA)
Nozzle Torus -—- 1050 1053 1050 1050
MNozzle Chamber —-- 600 6G0 600 600
PRESSURE DROP (PSl)
Core --- 150 150 150 156



Parameter

Minimum Period

Minimum Shutdown
Reactivity

Maximium Fixed
Power Level

Flooting Power
Scram Factor,
Mintmuem

Minimum Rod
Hydraulic Systeras
Pressure

Minimum Servo-
Hydraulic Pressure

{

X

TABLE 3-2

NRX-A6 LIMITATIONS: PART 2

Gaseous Fuli
Nuclear Nitrogen Power
Urits Tests Flow Test Test Cooldown
sec 0.3 0.3 0.3 -—-
3 2.0 2.0 2.¢ 2.0
K ) ) ) —
- 2.09 2.0 2@
psig 400 400 400 ——
psig 1600 16GC 1600 -~

Dgctor of 2 (measured/demand), mcy be bypassed above 100 MW.

3-3
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Emergency

1600

Hwe times planned power (max.). The estimated power for these tests is shown in table 1-1.
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4.0  INSTRUMENTATICN

The NRX-A6 reactor and test cell instrumentatior is described in this section. Reactor
instrumentation (based on the NRX-A6 Mecsurement Recuirements List (MKL) dated 22 March
1967) is listed in table 4-1. Selected facitity instrumentation {besed on Test Celt *C*
Chanrei Titles List detad 14 Februory 1967) is listed in table 4-2. These lists are included
for the convenience of the rezder and cre current cs of the indiccted dates. Reference should
be made to the latest NRX-A6 MRL or Test Celt “C" Channal List for any changes.

Figures 4-: through 4-12 are sketches showing the reaztor mecsurement locations in
relation to each other and 1o the reactor. Detailed drowings of thermocouple instaliations
will be included in a supp'zment to this report. Figure 4-12 is a siz plified schematic ¢t the
Test Cell C” flow system, showing the {ozation of selected facility instrumeatation. The

detailed liquid feedsystem is shown in figure 2-3.

CODING FCR MEASUREMENT REQUIREMENTS LIST

Measurement Channel

The first letter designates the system:

A Test Article N Nitrogen

G Gas Propeliant enc inerting - Gas Storage

H Turbine Drive and Pump S Neutronics

i {nstrumentation Function X Hign Pressure LH2
K Cooldown LH2 Z Rod Actuction

L Propellant LH2

The second letter designates the type of n:cosurement or channel functicn:

A Acceleration, Vibration N Radigtion
3 Binary Indication P Pressure
C Command Q Speed



@

o Displecement R Positicr Indicction

£ Flow Measurement S S*rain

H o-tcge T Tenpararyes

! Cur.ent v Cenizl Puint Origincted
- Level / Torzue

fa Miscellanecus

The three-cigit number Jesignates the specific cnnel anc indicates whers the signc!
originates. For static pressure mecsurement, this is an even number; for ditferential pressure
measyrement, this is on odd number.

The three digit number may be followed by o letter which gives aaditioncl information

cbout the measurement:

A Auxiliary Channel N Nerrow xange

D Differential (Pressure) R Redial

F Summary S Selectea Channel

H Hoop {Stress) H Tangentic:

{ AC Coupled U Amalog

K Digital W Wide Band
Longitudinal or Low Leg Z Zero Sucpressed

{Differential Pressure}

Following the dash, the digit 4 indicates an NRX-AS test article channe: and the letter C
inaicetes a Test Cell C facility channel. The last letter, if used, provides information or
averaging circuits:

A Input to an average

b Alternate input to cn cv2rage

Location

Sta: Station (inches) with zerc at inlet end of core elements, positive toward core exit.

Rad: Radius (inches), from ccre centerline.



iy

Thetc: Angular position (degrees), zero through the center of Control Drum One and positive
in *he counterclockwise direction looking toward core exit.

Set-Up Range
This is the range of measurement aver which data are to be token.

System Bandwidth

For the wide band recording system, the system bondwidth is the frequency in cps at whicn the
output signal is attenuated by approximately 6db. For the narrow band recording system, the
system bandwidth epreser.is the maximum frequency for which a reasonable reproduction of

the data is poss:ble (8 samples per cycle). Dcta aiissing will toke place in the recording

system for any signc: greater thun four times the bandwidth frequency. Pajback technigues

can reduce this frequency to as low as one-half of the bandwidth shown. Additional informetion

is indiccted b. letters:

Y High ievel channel

L Low level chaanel

NAW ivon-multiplexed wide band signa..

ce Narrow band signal originating in control building
Reca Out

The read our cciumrn indicates the recording system(s) used and the display(s) sequired.

p Pulse-Amplitude Modulated/Frequency Multipiexed signal recorded on magnetic tape
(narrow band)

F Frequency Modulated Frequency Multipiex: . signal recorded on magnetic tape
(wide band)

(V2]

Ceneral Purpose Strip Chart Recorder (Sanborn;

B Controi Building Rcsement Strip Chart Recoraer (Sanborn)
E Events Strip Chart Recorder (Sanbomn)

C Osciliograph (CEC)

M Control Ruom Meter

4-3
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o Digita! Printout and Control Room Meter
* Strip Chart Altemate
L Indiccting Lamp in Control Room

4-4



CraANNEL
An—-lCoT-¢a
AA- 7'\“60
“’l23'-°0
AA-! 24n~¢C,
AA-1d5L-¢a
“"2; 1 :‘60
AA-g . cT-c.
AA-L. >tL~6a
AA=2. 4 i~0,
hi=2 Li~G.
AA-2 ol-b6e
AA-S . TT-te
AA-2,0T~0,.
Ah-2 SL-€&a
A=l .n=be
Ad-cajitl~ba
AA-232T-0,
AA-T_1R=¢t,
“'7\. 2“’0.
AA-T_ 3L-0e
AD-3ile—0n
AU-3_c.~¢e
AU=3 _ 3e—be
&u-3 4.-C.
AU=3_ Be—Ce
AU~37be=Ce
AU-Tele=te
AD~7. ce~be
AU~T.3a=be
AU-3CLld~€.
AD=90cd~0e
AU=353Jbe
AD=<3iJ-6.
AD-9324-6.
AQ~933J-6.
Au—-934d-te
AD=93%J4~¢.

AD=936J~ba
AP=l( e~0A

AP-I&#.’CA
AP=i_ be~0A
AP=1{3.~6A
AP-1530~6e¢
AP-i33L~é.
AP-1S,e~¢Ce
AP=1ltze~cA
Ar=i>4.-64A
aP=-1-6,~cA
“"'l(..'.}."c.
‘P’lczo‘co
AP=1ube~¢,
AP~ it e~ Ce
AP-joB8e~be
AP=3Cle~t,

TCONEDENMM L

CESCRIPTICN
PRCPELULANT tEEU
PROPELLANT FeS(
NCZZLe PANIFCLD
MUILLE MANIFGLL
NOLZ © PARNIFLLC
NCZZLE FLANGE
PrRESSURE VESEL
PRESSURE VESEL
PRESSURE VESEL
FRESSURE VesStL
PRESSURE VESEL
NJIZLLE FLANGE
PRESSURE WESEL
PRESSU.E VESEL
PRESSULRE weSEL
PuESSUKE ¥eScl
PRESSUK: VESEL
CGRE SUFPCRT PL
CORE SLPPCRT PL
COx+ SUPPCRT PL

TABLE 4-1
NRX-46 MEASUREMENT REQUIREMENTS LIST

MEASURERENT

LINE
LiNE

Fuf
~ui
Ful
Ful
Ful

FLG
FL6
FLG
FLGC
FLG

FLG
FLG
FLG
FLu
L6

Fuy
Fuo
Ful
Fud
Ful
AT
ATE
ATt

flSoQ

LUCATICN

STA RAU TreTA
23e0 68365 12Ce0
234 8248 1¢les
15566 1006 THew
l;i.s ‘700 TSew
W56 ibeu T5.3
€545 28¢5 lé5e4
=lbe% 28e. LMtbed
=13.46 J0e< l06eS
~l4e% 2%9av 166e>
“13e4 280s 34005
=14.4 28e. T0.5
05.5 225 16343
—ihot Q3e35 16045
=136 253 1l6Ca5
“l8o% (Feu léSed
iBev 34065
2800 T6a5
2e% 5Sle9
2ueld 14i.S
Bl 24t

-16.‘
-~eb
—4.8
-803

SET=-up
RANGE

-

[ T N I I I B B

L2 B B K I B BN N Y B B BN K

25
25
15
15
75
1¢c
v
Ao
1
i
1<
) %)
) ¥
) ¥V
iv
)
13
it
1e
v

@

cconhoncCOoDOOODOON

CORE
CORe
COKk
CURE
COxkE
COhg
CCGAE
CORe
CORE

PAOIAL
AGlaL
KACIAL
RACTAL
RADIAL
RallalL
SUPLRT
SUPLRT
SUPUKT

CISPLOPMLNT
CISPLOMENT
CISPLCHENT
CISPLCAENT
CISPLOMENT
CISPLOCMENT
PLATE/CORE
PLATE/CORE
FLATE/CURE

AC-CCUPLEL
AC-CULPLEL
AC~CCUPLEC
AC~COUPLED
AC-CCLPLEC
AC-CCUPLED

. AC~COUPLED
. AC~COUPLED

AC~CCUPLELC

AC-75]le~be
AD-T7C2e~6e
AD-TC3e~t0e
AC-3ile~b,
LU-302e~6e
AC-303.~¢e
AC~-3C4.~0e
AQ—305e6e
AC-3Cbe~be

NOZILE
NUZILE
NGL2LE
NOLZILE

REFLEC
NGLILE
NGIILE

‘NOLILE

SUIILE
nuldle

NC2ILE
NGLILE
NuZILE

MANIFOLG INLET
MANIFCLL INLET
BANTFULD INLET
BANLFCLD IMLET

. NGITl MANLFCLC INLEY TC

INLEY PKES ORGP
CHAREER
CHANMGER
CHAMBER
CHAPBER
ChARBER
CHAMGER
CHAMBER
CHAPMEER

SIMULAT
SIMULAT
SINULAT
SINULAT

Sved
S5veb
5Ge5
5Ved
5ved
5Re5
CQ\.
Cel
Cel

NA

[ Y

NA

NA

NA

NA

A

NA

nA

167.8

TEED

TEEV

TEED

TEED

TEED
Wel
Teel

TEEOD

TEED
7».0
Toen
el
e

REF P1&J THAU 106 PRES IN

REFLEC

INLET PLENUN

CONMDENGA L
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5245

109
ite9
lte3
18.9
13e9
1.9
le2
ded
LSeU
NA
NA
NA
NA
NA
NA
NA
NA
NA
24090
L {1]
Tu
16
TG
T0
13.9
13.9
TG
TG
13ev
1363
Liew
130
FLQOwW
2Ce2

15
$T7e5
1d7e5
1875
475
3LT.5
15ie5
66y
6269
MNA
ho
NA
NA
NA
NA
NA
hA
NA
12Ce0
P-1:2
P=lue
| od TVP4
P-1u2
P=3L¢
3Ce0
2‘0.0
¥=-152
P-152
Ced
6C. 3
12ves
365.&
C-RN
3537

3. miL
=3 MIL
=3 ML
*=35LRIL
+=3C NIt
L Sk T0d ) §%
=15 ML
*=iSumiL
1501 L
*~ ISH]L
= SUniL
o~ TSnIL
=35 KiL
=33 ML
*-&C MIL
~os NIL
*=1S5CAlL
«~1SuiniL
0-12CGPS
9=1205PS
o=12uvPS
G-1205PS
w=2+CPSD
LOw (&6

C—T50PSA
o-75uPSa
C=-T75CPSA
J=75.PSA
v=-T5LP34A
u=75LP50
C=T3LPSA
C=T5LP3A
C=T5LPSA
Z=08.P3A

W
-
[

o
-
4

w &

' C
¢ ¢
MMATNT NI NI OOV TTVTOTD
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TABLE 4-1 (Continved)

MTASURKEMENT LCCATIUN SET=yP 5YS
Chalacl SESCHIPTILN STA RAL ThETA RANGE 8/u
AP=-3_10~06s REFLEC AXIAL PXES DRGP YEED 10 P=3.3 C=T5PSI0 5 #
AP=3,1L=te TEED TG P=3Ce LOmw LEG
AP=3 24=¢o REFLEC INLET PLENUN 5405 2vel 292e1 Q—-058:PSA S M
AP—-3.30=0e REFLEC AXIAL PKRES DROP TEED TU =32 v=T5PSIC S n
AP—3.sl-te Teco TG P-3.4 LCH LEG
AP=3&e=te REFLEC CUTLET PLENUN Lo 2ued 25uel c=8CuPSA S N
AP-3lliu~te SUPPGRT CGNE PRES uURLP TEED Ty P=3cw L~5CPSI0 S L
AP-3lil-ce 52.9 2%eb 292.3 [ LEC
AP=5)30~ce SEAL CRAMEER 5 TQ 1T 196G 1849 cz2iled L-SCPSIO S L
AP—<wlsL=te PRESSURE GRCP Teed Tu P-414 LCn LEG
AP=91l4e=0e SEAL ChHAMEER 1¢ 2le3 1849 i0vev v=0..FSA S H
AP-415 -4 SEAL CHaMBER & TS 1. 16el 1065 CBlevw v=43P5I0 5
AP~alSL-¢te PRESSURE LRGP Tedo TG P=4le Luw Lcu
AP=91Ce=Ce SEAL CHAMCER 18 30865 18a9 ¢Bluel L=aLLPSA S
AP-%iTu~te ScAL CHAMBER 9 TG 10 i9e1 loed ¢olou I=-¢3P310 S L
AP—-17L-2+ PRESSURE CRGP TEED TG P-<la LCa LEG
sP=ail90te SEAL CHAMBER 1C TG 11 Teed TC P-eld .=¢3PSIC 5 L
AP=alul=~ce PRtSSURE DROP 23e3 1349 28Ceu LuUm LEG
AP=«clu~Ce SEAL CHAMBER ¢ TQ 12 TEED Tu P-<14 G-25PS1I0 S &t
AP=4clli~Ce PRESSURE CKCP 2544 1849 CEles LOW LEG
AP-4.3U~te SEAL CHAMBER 314 TQ 18 295 1849 cB5.el 3=25P310 S L
AP—-4 3L ~&e PRESSURE LCnOP TEED 1C P-416 LOm LEG
AP=2Z50-6e SEAL CHAMEER 1€ TG 18 3306 1869 28Jed v=25PSI0 S5 L
AP=4Z3i~ce PRESSURE CRGP TeED TG P-41lc LOm LEG
AP=4ZT2~€4 SEAML CHAMBER 18 TQ 2C¢ TEED TG P-4le J=¢5P3I0 5 L
AP=-ac7L=Ce PRESSUKRE QRCP 42:6 1349 20(ev LUm LEG
AP-4 J9U~0e SEAL CHAMBER 18§ TQC 2) TEtu 1O P-alb U=23PSIC S L
AP-42 3 ~ce PRESSURE CnGP “ve7 18549 lBLed LOw LtEu
AP=4310-86s StAL CHAPODER 18 TC 22 TE&:D Tu P-416 G-25PSIC 5
AP=+31L~6s PRESSURE TROP 45,7 159 c8Lau Lum LEv
AP=%33U-6a CORE INLET PLENA TQ Tecd Tu P-6l4& =5yPSIC 5 L
AP~3331L-6. StAL CHANBER 1 TEcD TG P-4l4 LCw LEG
AP~4350~b. SLAL CrRAMBER 10 T3 18 T&: (0 Fod4ly T=]11C0%G §
AP=415L-€. PRESSURE CRGP Tety Tu F-4jo LUw LEG
AP=2:T0~6e ScAlL CHAMBER 185 Ty Teeo YO P-4}t .-1..PSC 5
AP=+:TL-6e CURE EXIT PRESS CACP TELC TUO P=T7_2 LGWw LEG
AP-:_iu~ce REFLEC CUTLET TG CCAE ™ TckU TG P=3l6 G-3,PSI0 S L
AP=5_1l=ce INLIT PLENUM PRES CAUP TEED TO P-él4 Liw LEG
AP~ _le=€e ARS P EVALUATIUN XOUR =249 cev S6ev u=8uwPSA &3¢
AP~2_30-64 UzLTA P cVALUTIGN XOCR =28¢5 8ev 4..¢ +=35,)PSI0 5 L
AP=~__2+=Ce A3S P EVALUATIUCN XUCR =2045% Tes 4T7e3 C=8uLP3& 5 L
AP~_ _le=0e. CuUrRE INLET PLENUM “Ced lla8 L5330y U=u. PSA 5 M
AP~5_30~6. CORE AXIAL PRESS OROP TEED T3 P-sué G=165PS0 S M
AP~o0 3L=0e TCEC TQ P-T752 1LCw LEG
AP~ _4,-6, CURE [NLET PLENUM “ve8 12e7 3llev =t .uPSA S5 H
AP~ 50-te CURE AXIAL PRESS ORUP TEED [TU  P=tus u~io5PSO 5 M
AP~ :_5L=ce Teed TG F=-7us LCn LEG
AP=17 13—=06¢ REACTGKk PRESSURE gLHi;r TEED TCO P=3.0 2-24.PS0 S n
AP=T LllL-~ce Teéd TG P=7.2 Luw LEG
AP-T_ia=ce CORE EXIY S50e8 1863 46Ceu $-d% PSA 3({
AP-7.. 50U~6, REACTUR THESSUKRE DROP TEED TG P=272 C=2iLP5D S W
aP=T.iL~¢, TeeC TG P=7.4 LUw LEG
aP-7.4,-¢, CCGRE EXIT Sve8 1849 3%v.eu o-8CLPSA S
AP=Ti3e~6s CCRE EXIT INTEWNL XOCR 50e8 18e9 lovew 0-3GLPS4 3CU
AP=1T72.-64 ABS P EVALUATIUN XDCR =63 Ll4el 287¢0 U~3uiPSA % L

“CONEDENTA L
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MEASUREMEN

CrAMNL -
AS=229H- 6o PRESSUR

AS=231H-64 PRESSUR
AS=233r~0, PRESSUR
AS--420L-0s PRESSUR
AS-243r=6,PRESSUR
AS—244t -6 PRESSUR
AS=3.7 3=64 REFLECTY
AS-S;Z.-b.!EFLEC’
‘S-)Cal'bQRFFchI
AS=306 =64 REILECT
AS=Tile~6. TIE RCO
AS-7024=6e TIE ROD
AS-TC3.-%. T.€ ROD
AS-T¢4.-6. TIE ROD
AS-T.5.-6+ TI1E ROO
AS-TLoe-0. TIE ROD
‘S’7t7.‘6Q‘lE ROO
AS~Tu8 .-60 TIE ROD
AS-TU9.-06. TiE ROO
AS-T10e—6e TIE RCD
AS=9¢ 1 J-ce AC-COUP
A5-902J-64AC-COUP
AS=303J-6,AC~CCUP
AS=3L4J-60 AC-CCUP
AS—305J1-6,AC-CCUP
AS~3C6S=64 AC-LUUP
AS-3UT S0 AC-COUP
AS=903J-6, AC-CQUP
AS=959J~64 AC~CCUP
AS-91.J-6e AC~CCUP
AS=911J-co AC~CCUP
AS=912J-6.AC~COUYP
AS=913J~-6.AC-COUP
AS~9144-6.AC~CCUP
AT=10. =64 PROPELL
AT=1C1le=64NUZILE
AT=Lu2e=64 PRCPELL
AT=103a-64 PROPELL
AT=1.4e~6, MOUNT,
AT=10U5,-6+ ROUNT,
AT=1200=6oMIZZLE
AT=12)e~64 NUIZLE
Af-lZi.—b.NOllLE
AT=133,=6. NOZZLE
AT=138,-6. NOZILE
AT-135.~60 NOZZLE
AT~136,-6. NOZ2ZLE
AT=13T7.~6¢ NUZILE
AT-138.-6ANOLILE
AT=133,.-6AN0L2LE
AT-147 o =4ANOLZZLE
AT-141.~-6ANOLILE
AT-143,=64 NOIZLE
AT=145.-6¢ NQ2LLE

CONMBENTL

TABLE 4-1 (Continued)

QESCRIPTLIC:-

€ VESSEL
E VESSEL
E VESSEL
E “ISSEL
E VESSEL
€ VESSEL
QR BOLTS
JR 80LTS
CR 8OLTS
CR BOLTS

L&D
LED
LED
LEo
LEC
LED
LED
LED
LED
LED
LED
LED
LED

‘5’7010'60
AS-T702.-6e
AS~T1%23,~0e
AS=Tu4e~00
AS~TCS5,-be
AS-TLb =G
AS=T7CTe~b0e
AS~TQ8.-6¢
AS=T709.~6¢
AS~TiCe~b¢
A5-30],.~6.
‘5’302.“.
AS=303,-6¢
LED AS-304,-6.
ANT FEED LINE
MANLIFOLD INLET
ANRT FEED LINE
ANT FEED LINE
ACCELRNTR BLOCK
ACCELRMTR 8LOCK
NANIFOLD
MANIFOLOD
KANIFOLO
EXTERNAL NMALL
EXTERNAL WALL
EXTERNAL WALL
PASS THRU 80SS
PASS THRU 80SS
CHAMBER
CHANBER
CHAMBER
CHANBER

8CLY

8T

LCSATION
STA RAV

45.C
31.3
310

=113

-1l.3

-l2.6
56,4
564
56.4
54.4
-3e2
=3e2
-3e¢2
'332
3.2
-342
~3e2
-3e2
=3ed
=ad

A

A

NA

25e17
2547
2517
257
257
25.7
210
3 ¥y
2le9
210
Vel
Vel
3e5
35
Te2
e
1lel
1l.1
1643
16e3
NA
NA
NA

THETA

1685
168.5
258,95
1T1e5
171e3
171.5
45,0
165.0
22543
345,49
Ceb
VeG
30490
30ed
45,8
45.8
5Ce9
50.9
3447
5407
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
12C.0
12049
120.0
12Ced
149.8
750
3Ce0
2ilUed
IVveu
168,53
168.9
168.,5
3Gy
210.C
9Ce<
12340
27Ced
33060
2209
14403

SET-uP
RANGE
*~3,5KUl
~=3,5Kul
*=3450U1
~=3s5xkul
*+=3o5kuUl
33Kyl
C-T15KPS1
J=75KPS1]
C=-715&PS1
G=75KPs1
*+=T5xPS1
~15KP51
*=75xPS$ 1
*»=T15kPS1
*~=T5KPS 1]
~T50PS1
*-=75KPS1
*~T5KPS1
*=715kPSI
*+=713%P3}
+9K PS1
*=45KPS 1
*=9K PS|
+9r PSI
*+=9x PSIi
*~9K PS§
+=13KPS]
+=-45KPS1
+=18KPSI
~10KPSI
*=20KPS1
+=30KPS|
+=4UKPS]
36 - 60R
ERELY YA )
30~60 R
3G-54C R
35-6%55 R
35-655 R
3Q-60 N
50 R
30-54C R
35-655 R
35-655 R
35-655 R
35-1lk R®
as-1x &
452-4783
492~-478S
492-4785
432-4785%
3%-453 K
35-433 n
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AEASUREMENT
CPANNEL

TABLE 4-1 (Continued)

CESCRIPTIONM

AT=15%_ e=0e MuZZLE FLANGE
nlT=15la~6e MUIILE FLANGE

Al=1524=%« MQUNT) ACCELRMTR BLOCK

Al=1€.a=0e SURFACE QF AP=160,~b¢
iT-106le=0e SURFACE, AP-16G B8QSS
AT=1€Ze=0e SURFACE OF AP=162.~b¢
AT-1:34=6e SURFACE, AP-162 BQSS
AT=154e=6e SURFACE UF AP~-l0%e-Co
Kl=1%0.=Ce SURFACE, AP=164 BOSS
aT=160e=te SURFACE OF AP=16080-0¢

al-1oTe=be SURFACE, AP=10606
LT-2¢24=6, PRESSLRE VESSEL
AT=2234=6¢ PRESSURE VESSEL
AT=23 =6 PRESSURE VESSEL
AT-c3le—-6. PRESSURE VESSEL
AT-:32e~0o MOUNTe ACCELRMTR BLOCK

al=833e=6ePeVe FLANGE PERIPHERY
LT-234e—6ePeV¥e FLANGE PERIPHERY
Ai—-3ce=tePoaVe FLANGE PERIPHERY

wT=iwSe=€.PaV¥e BCLT

Af=24&ce=CaPeVe OCLY FHD FALG

Ll=c4Tle=CoPeVe BCLT

AT=2494=6.,PRES VES FLANE
AT=235 4=0.PRES VES FLANME
al=2_1e=toPRES VES FLAME
wT—ctee=bePrES VES FLAKE
AT-Z&J.-C.PKES VES FL‘“E
Al=-, :Q.-G.PRES VES FLAME

LT=2%5¢=0e PRES VES

AT~c56e=60 PRES VES

Al-d57a=Ge PRES VES

Ai—~c50e=Ce PRES VES

AT“;&L.’b.PR&SSURE

nY—Z:l.-b.PRkSSUﬂE

AT=3-_ la=be Re FLECTCR
AT=3.2e=b0e KEFLECTGR
AT=3.3.-ceREFLECTICR
AT—3.4¢~Ce REFLECTGR
AT=3.S4=0e REFLECTCR
swl=3uTe=ce REFLECTOR
al~31.8e=~CoREFLECTCR
Al=3.9,=6eREFLECTCR
Al=31ie-CeREFLECTCR
AT=31R2e-CeREFLECTCR
u¥-313.-6.RtFLtCTCR
aT=31%e=6sREFLTCTICR
dl‘)lSa“CoRLFLEQTCR
AT=3i6e~b6e REFLECICR
AT=31Te-6eREFLECTGR
Ll=315e=0eREFLECTCR
AT=3.. =G«REFLECTOR
AT=3¢1 o=0eREFLECTCR
AT-3cce=CoREFLECTCR
AT=323e=0aREFLECTIGR

TCORNFIDENTML

LCCATION
STA RAD TheTa

650G 21eQ0 2404

05eC 21lev léecd

650 224U 16540

TCel 1l3ed Cel

TGel 136G 0e G

TCew 13eL OG0

T0et 13,8 6Ce0

TWev 130 123540

et 136y 12vevu

7Cel 1368 3CGec

80ss el 1340 34064

Ful 3leC 2547 168.5

FuD 3ley 257 25845

Ful 45¢0 2547 16345

AFT ~l2eu 25.’ 168.5

=130 2845 16540

=17e5 27¢3 144.0

=175 2743 <t%eC

~17e 5 27.3 2%.C

Ful FLG =188 2801 Z4au

=188 2601 lé4.u

Fn0 FLG ~18es8 266l 264,90

SPRAY 43,0 2% 2245

SPRAY 43,0 257 2845

SPRAY 43,0 257 31.5

SPRAY 43,0 2347 34,5

SPRAY 43.C 2% 7 19.5

SPRAY 4340 2548 2545

FLAME SPRAY 43¢0 25,8 34,5

FLAME SPRAY 43eU 2567 4GS
FLAME SPRAY
FLARE SPRAY

VESEL CLUSURE =2248 T2 172.5

VESEL CLOSURE =228 Tez 35240

CYLINDER letl 2247 19965

CYL INCENK 2leld 2veS 199a5

CYLINDER 4lel 191 193..

CYLINDER 2le® 1908 18C65

CYLINDEK 2162 199 2G2.5

CYLINDEF 2le® 198 Stiev

CYLINOEK 2lel 191 V6.7

CYLINOER 21e2 1909 8245

CYLINDER 2le3 20e9 78,8

CYLINDER 2lev 2247 17Be3

CYLINUER 5025 19el 46,7

CYLINUER 5CeS5 19el1 106.7

CYLINDER SCeS 2267 22945

CYLINDER 53e5 19e8 240 G

CYLINOER 5Ce5 19el1 22647

CYLINDOER S5Cef 2ie5 22945

CYLINOER 5115 L9408 <3342

CYLINOER S5UeS 1941 286,17

CYLINOER 1742 2%5 181,.8

CYLINGER 1742 2445 83,8

CONTOENEL

SEVT=UP
RANGE

15-655
35-655
35-655
16L~1K
lév=1K
léu=-1k
16u=1K
loc-1K
l6u=1K
16t -1K
p6L~1K
35-655
35-855
35-655
35—655
35-485%5
35-4655
3>~655
35-655%5
35-65%
35-055
35-a55
ELT Y ¢
35-655
35-655
J5=~ 1K
35-~655
35-455
2vi~1K
20u=1K

BPRPXDEODOHDOODIDODODIXRDOBOOIDDID®DY

VMUWVWARAVWURVBAVLVVMUMOVUVAVMVUVMVAMBAVV VOV OURMUVBWURUOVVBVAROLWVR VMOV VWAVVLARAWN

>5-655 R
35-45% R
35-i.C3R
35-15C3R
35=-1L0G3R
3%-1¢3R
35-100V3R
35=1uvi3i
35-1¢uv3R
35-1LC03R
35=1.v3R
35-1CL3R
35-1CC3R
35=1CC3R
35-1.G3F
35=-1CV3R
395-1 V3R
35-1(C3R
35-1Cu3R
35-12C3R
3I5-1CC3R
35-1LC 3R
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TABLE 4-1 (Continuved)

MEASUREMNENT

CHANNEL DESCALIPTION
AT=3 9,-06REFLECTCR CYLINDER
A1=3510=0.REFLECICR GTLLT
AT=3 34 =0oREFLECTIGR 8GLT
AT=333,-6,REFLECTCR BOULT
Al=3:4,-b.REFLECTCR BOLT
AT-34.,=0.0RUN VANE EXT GAS

AT-343.-6.0RUM ANNULUS
AT=348,-coREF CYLINCELR
AT-345,-8.RtF C(YLINCER
AT=346.-6.%EF CYLINDER
AT=3¢..-CsCUNTROL DRUM
AT=3¢61.-6.CONTROL DRUNM
AT=362.-€oCUNTRGL DRUN
AV=3234-0oCCATROL ORUM
AT=3¢4o~¢eIN AD=3Cle=60
AT=365,~60 IN AD=302.~64
"‘360.’C0l“ AD=-3C3,-6,
AT=3¢7.-54 N AD=3C4.=C4
AT~3¢8,-64 IN AD=3CS5,~¢,
AT’3c9.-t.lN ‘0‘3550-60
AT=3T.o=0 REFLECTGR INL
AT=3T1l.«0oREFLECTCR INL
AT=3T7.e-CoREFLECTGR INL
AT=373,-CoREFLECTGR INL
AT=374.~¢oREFLECTICR ML
AT=375,~co hEFLECTGR INL
‘Y’,éio'é-ﬂEFLfchR/’o‘
‘t‘ﬁ:lo‘COSE‘L CHAMBER
AT=8s2e~te SEAL CHAMDER
"‘!;5.‘0.SEAL CHAMBER
‘t-“E‘O-COSE‘L CHARBER
AY-Q‘S.-¢.SElL CN‘"EER
A!-Qiéo’eostlL CHANMEEK
AT-9lTe-¢e SEAL CHAKELR
AT-428.-Co SEAL CHAPEER
AT=wiSe=Cs SEAL C(MAMBEK
‘t‘ﬁ:¢o‘°o$fﬂl CHANEER
At-ﬁul.-6.$Nl€tD CG'E E
AT=C_ ce=Ce SMIELD CCPE €
AT~3LC24=00 SHIELL COME €
A'-?nQo-CoSNlttﬁ CCmME ¢
AT=3 Se=te SHIELD COGME ¢
AT=5.{e~ce SHIELC OUME E
‘T‘SL?.‘:.‘" 8F~ Clc-teo
AT=> Ne~%e IN AP=__Q2e=¢ts
AV=3 . 0=t ACURE ELeMENT
AT=S. 2oe~cACORE ELLRENT
AT=t.5.=CA(CCKE tLERENT
AT=3.40~¢A(GKE ELLMENT
AT=clie=¢e CUFE LLEMEAT
AT=0i2e=Ce CChE ELLMENT
AT~ Llse=ts CORE ELEMENT
AT-5i840=Ce CORE ELEMENT
AT=51%~¢A CORE ELENMENT

tXIT GAS
EXIT Gas
EXIT GAS
EXIT Gas
NO S
NG 5
NO 5
~Q S

tT PLENUN
ET PLENUM
ET PLIKRUuR
LT PLENUN
ET PLENUM
EY PLENUN
o ARNULUS
1C Gas

11 GaAS

1< GAS

1¢ GAS
EXIT GAS
€E-i7 GAS
EXIT GAS
EXIT GAS
EXIT Gas
EXIT GAS
NG GAS

NO GAS

NO GAS

NU GAS

Ne GAS

NG CAS

e CCIL A
s CCIL &

LOCATION
SIA RAD

Slel
2567
2547
£5e7
2547
TS
“(e®
Cov
0«0
~bel
8.0
[ P
32.C
32.0
NA
NA
NA
hA
NA
NA
5343
5343
$3.3
93,3
$3.3
53.3
S3ed
2le &
£3e2
2503

29.4

5lel
S5lel
Slel
Slel
Slei
5lel
~¢3e>
~i3e
‘23.3
=253
-c3e2
“~iled
NA
NA
lec

4
L 24

le2

lo¢C
iGas
0o
aten
Vi
ével

240
21el
2161
Zlel
dlel
2de3
223
193
193
2343
2244
224
ryFx )
220
NA
NA
NA
NA
NA
NA
21e?
Qle?
21e?
2le?
ile?
217
24,7
1be2
iBed
182
17,2
142
l8ec
1862
1.2
18,2
1€.2
1€.5
1865
l8.5
16e5
1e.S
1reS
NA
NA
il
lees
.‘7.\
el

£e3

lé.1
luel

THeTA
t"\ioy
15w
13%.v
19504
315G
115e0
1¢5.¢
15
12.5
9.C
12ceC
12Ce
12vee
1230
NA
NA
NA
NA
NA
NA
L I TXN
lute
18664,C
FY T4
1 1 T
34600
2927
189.8
186.8
18S.86
185.8
Qoo
1iCe
16l.C
«2les
«8lew
24cet
36.“
S6ei
1%6ee
Zibew
cTbew
336ew
nNA
LY
l<ec
2€Se .
21Sen
CIVE PR
ieS
lele$
1dbex
lale®

1224C

< NPT

SET-UP
RANCE
33-1W3R
3S%=s iR
ay=. _\R
35-1. =R
35=10 3R
35~8653. 5
35-0%3,5
35-653.5
35‘653.5
’5‘653.5
3S5-3CCIR
3E-1LC3R
35-1CL3R
35-10C3R
35=1CuiR
3I5-1CC3R
39=1CcU3A
35-10¢3R
35=-14C3R
35-1303R
U=,
30~540
3e~-9%4.
35-54C
3~54C
3c-%eC
35-0%5
137-16566
137-19¢8
137-1%568
137-16:¢
137-16~6
137-19¢¢
452-4785
1371-19¢6
157=1588
492-4785
35-¢5343
35~-6%53.5%
3o-382.9
A%-g2e5
35=052.5%
35-6%3.5
35-45S5 B
35-05% &
157-16¢¢E
137-16:6
127-16¢6
1571-16¢c 8
4G2=% 7L
45 =4S
P ¥ S
45, ~6 745
AG2=4 185

BE®® DX WP
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Astronuciear
Laboratory

AZAdURCPENT
Cranistl
AT=215.=06ACCRE =L

CONTIDEN® L

TABLE 4-1 (Continued)

AT=0l7,=6¢ CCORE ZlcmcAT
al=tlde=cACURE ELLMENT
AT=5194=:ACORE ELEMENT
AT=3Z.e—%e CURE ELERENT
AT=6Ccle=6ACORE ELEMENT
AT=-422.-0e CORE ELcMENT
AT=c23.=6a CCRE ELEMENT
AT=ochs=be CORE ELEMENT

AT~322.-~6ACORE &L

EMENT

AT-5204=6% CORE ELEMENT

AT=62T7.~6% CIRE EL
AT-c28.~6. CORE EL
AT—=029.~¢6A CGHE EL
AT=53.4~86A CURE EL
AT=n5le~8A CCRE kL
AT=E3.e~6A CURE EL
AT-u3s.~06A CORE EL
AT--34,~6A CORE EL
AT=538e~¢A CORE EL
AT=339,~6A LORE &L
AT=->&4 =45 CURE EL
Al-s6le=~cA CuRt EL
AT->62,-ce CCRE EL
4T=-233e=ne CLUSTER
AT=L9e=cACLLSTER
AT=353 =8 CLUSTER
AT=37,e=ta CLUSTER
wl=9vce=te CLUSTCR
AT=2934-08 CLLUSTER
AT=a94e~cA LLUSTEN
47—;%5.-C¢CLDS}ER
£1-:3ce=te LLUSTEK
k“bﬁ?o‘(tcLUS'tk
wT=:50a=te CLUSTER
20=097e=¢ACLUSTER
uf=7. . «=6ACLUSTER
AT=7 ie=tACLYUSTER
&T=7.74=66 CLUSTER
&T=7 . 3e=0a CLUSTER
AT=T . 4e~ca CLUSTER
Al~7.5e~0e CLUSTER
AT=7 be-te CLUSIER
AT=7.7e=LACLUSTER
AT=7 S.-5%¢ CLUSTER
Al~Tile=te TIE RLD
AT=T712e-0e TIE ROY
Ai~Ti3.-¢ATIE RUD
AT~T1l4s=0ATIE KOD
Al~TiS.~tATIE RQU
AT~T7]loe=be TIE RCD
al=717.-6ATLE RLE
AT-718.-6ATI€ RQOD
Al=719.~6® T1lE ROO

EMENT
EMENT
EmENT
EMENT
EMENT
EMENY
EMENT
EMENT
EnENT
EMENT
e MENT
EMENT
EMENT
EXLY
ExIT

EXIT &

EXIT
EXIT
ExIT
ex17
Exiy
(3981
EXIT
ExXIY
ExIT
EXIT
ExXIT
EXLT
€xX1Y
EXiT
EXll
Ex1Y
EXLT
EXLY

GESURIPTLILN
ZaenT

GAS
VAS

GasS
GAS
VS
GAS
GAS
GAS
GAS

MATERIAL
MATERLAL
MATERIAL
MAYERIAL
MATERJAL
MATLRIAL
MATERT AL
MAYERIAL
MATERIAL

LCCATIuN
STa  RaAC

ibe-
6o v
dtea s
d.e0w
ctel
2-’.0
2-"-}
20e.
Leal
2Cev
PLTY"
26 G
Qe
2Eeu
2tev
264G
26eV
PL-TY¥
dtal
P Y%
200
208U
2vewv
2Cev
26,75
S4475
S0, 715
S 75
£4e 75
54475
6,75
S4e TS
Sae13
54475
S4e 73
E4e 75
54,75
54475
5415
£4a75
54075
See 15
S4.75
54475
54,75
5460
5440
Sk e
54 .y
540
54ed
4o
s‘. -4
5440

15ed
14,46
13,8
14,0
L4.C
cal
lce3d
157
1\.3
Sed
l4e o
el
1207
1és+4
12e%
12.8
l2e7
128
1ded
12.8
12.8
l-.d
1369
15.1
1le3
lee5
266
Py
l4¢5
1le¢
el
LYY
Ty}
2.6
123
| P2y
14.0
1544
loeé
158
7.0
l6a5
13e2
197
loed
1641
de?
‘bog
1440
1663
15.9
Jel
6.0

IrclaA
143245
1295
1215
135«
133
2 ies
18c0e.
3C.e S
3C1lew
3tve S
3&‘.5
31%¢<
3. Cevw

430
FO-X PRV
2T4e

1€e

936

76.'
l%¢Ce
PYR I
3169
3e.ad
31362
1355
iv.e3
12369
191eu
31l
Ivie
32Led
3l3.¢%

Ce
4e 5
R P ]
dew
2e5
dev
3532
del
35%Ven
2230y
16240
22%e0

83034
132ed
3idev
12uav
vl el
L2%5eu
29540
idGev
E TRV
13ueC

GO R L

SeT~-LP
RANGE
459735
452=-a13>
832=nTcs
fyi-nl2s
452-417d5
452-0735
492-47:2
452~4 78S
455~4 735
452~47c5
452~2 755
452-417385
492-47¢5
452-4785
4352~41745
4952~-4135
492~4 755
b42-4785
492-4 1835
492~41765
492~-4185
492-6755
492~47385
492~-4165
452~-41735
4392-4 7435
49¢~4765
452-417¢>
&32-075%
492-4785
49:~4785
45,4765
452-4135
452-41765
492=4765
4G2-4185
492-4785
492-478%
4£92-41785
432-4135
49¢c-4785
492-414d>
492-41785
4$32-4785
452-4785
137-1968
137-1%08
137-1568
i3d7-16¢8
137-19¢4
137-1v08
137-1608
137-16068
»371~19648
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MEASUKEMENT
CrANiEL

AV=T2_.~0ATIE

0

TABLE 4-1 (Continued)

ESCRIPTION
RGO RATERIAL

LOCATION

sla
5640

AT-TTle=0e IN AP-TT24-6er LCl. A NA
AT=T77ce=te IN AP~-TT24-t+s CCIL B NA

AT-??B.-Q.CG&E
AT=-TT4e-t« CORE
AT-TTbe=E« CORE
AT-77T4«6eLUKE
AT-T78+=CeCORE
AT=TT de=Ce CURE
‘1-78..‘¢¢C0§E
AT=T8le-te L HE
A"782¢-60CORt
At-783l-°.CURE
AT=7840-E.CORE
AT=785.=0+CORE
AT-786.=6.CURE
A1-187.-6QCGRE
AT-TESe=Ce(GRE
AT=3 c0e=de{ AR
AT-631e-6sCAR
AT~8324=CeLAR
AT=054,~-6.CAR
AT=B5%e=6e LAR
AT=835,-64CAR
AT~838,-6TCC
AT-B:9e~ 6o TCC
AT-B&eLe—te TCL
At‘a‘,b.-COLHZ
AT=0T7Te~bslLN2
AT-8TB8a-0sPALE
AT-379.-cePA(E
AT-880Ue—0ePH IV
AT=661+-tePRIV
AT-Btle=tePk]YV
aT-Boke~CtePkIY
AT=3E85.=co PRIV
AT-385e~tePuliy
AT=290.~06aNO1
AT-8%7e-tehull
AT-EG95e-tenN(l2
‘V‘llQO“Co‘VG
Iv=1a2,=-Coavs
IV=i58e={eAVE
lv-cCS.-C.AVG
Iv-6_6e-Cavi
V-6 Te-CelVS
IV-£8_e=CeA¥Y(
IV=Tlue=-CeAV{
LB~ 1 A=Ca CUNT

IR=JLia=CACGNTREL

Lr=ul 2A=L4 CUMT

Lh=,. e ~CACTANTSOL
IR=ZI3A=-Ca CONTRCL
dRl~n. 3.=CACCNTROL

SUPPCOKT PLATE
SUPPCLRT PLATE
INLET PLENUM
INLET PLENUM
INLET PLENUM
INLET PLEMUN
INLET PLENUM
INLET PLENUR
INLET PLENUN
INLEY PLENUM
INLEY PLENUM
INLET PLENUNM
INLET PLENUN
INLET PLENUM
INLET PLENUM
CECK SS CALOR SLUG
reCx SS CAL SHELL
DECKX S5 CALOR CASE
DeCKk AL CaiLOR SLUG
CECX AL CAL SHELL
OECK AL CALGR CASE
mALL AL CALOR SLUG
mall &L CAL SHELL
wALL AL CALDOR CASE
CEwAR REF TENP )
CEMAR REF TEMP 2
REF JUNCTION
®KEF JUNCZTION
Y RCOF 71 CAL
Y RCGF Y1 CAL
Y RCur T1 CAL
Y RCOF at CAL
Y RCOF AL CAL SHEL
Y ROCF AL CAL CASE
LE ot CALCK SLUG
Le 2k CALOK SHEL
LE Bt Calur CASE
NUZ2ZLE MANIFGLO
KOZ2ZLE CHAMBER TENM
NOZZLE CHAMBR PRES
CORE SYAVTIUN TEMP
CORE STATICON TEMP
CUKE STATIULN TEMF
CLUMYER EX1T GAS
TIE KOO MATERTAL
PCL URUM FCSLITICON
CrUM PCSTITION
DRUM PCSITIUN
Chum PUSITIUN
Chum POSLITION
CRUM PGS ITION

SLUG
SHEL
CASE
SLUG

(301§

—-leb
“led
~Leb
-tek
-Je b
-Cel
—Ce8
~Ce8
-Sed
-ve b
-{e8
~veb
-8
=Ce8
Gl
-106
-1l 6
-lL6
-1Cé
-1{¢&
2¢
26
26
CEMAR
OEWAR
IN
IN
55
-85
-5
-55
-53
-52
53av
6340
63e0
INLET
NA
NA
el
2€ab
lets
hA
S4eC
=132
=132
it 193
-J2
-122
=12

RAD

4.0
N2
Na
lie5

led

lec

Sew

YU

Yoo
13.4
13.%
13e4
13eo
13.4
l3e.4
L6200
16.8
1448

1CE
1c8

1Cé
L15E
lus
i1C6
15¢
1%6
156
iN

IN

CAk
CAR

GcCoarme 0 C

23e%
PETEY
PEYY]
NA
NA
NA
NA
NA
NA
NA
wA
Co
co
o
.0
(A9}
Co

[V VO R Sl Sl

THETA

3Cue0
NA
NA
170a¢
&lev
Lec
3lé6ec
T2eu
19800
1950
13Ces
Tia5
1SeC
315.¢C
2554C
3L5.\%
T5en
i95-
1204
) LY
} PIOPA
120
120V
12l68
1206
L2vel
:‘ZC.U
=RIVY
PRIVY
PrIVY
PRIVY

8

[« N SN ol 2N

-

113.3

1130

11360

NA

NA

NA

NA

NA

NA

NA

[T
Cel
Tel
3vew
kYOO
€c el
608

O R NTAL

4-11

SET~UP
RANGE
137-19%968
35-655 R
35625 R
35-1LG3R
35=1.03R
35-653,5
35-¢53,5
35-653.5
35-0652.9
35‘55305
35‘653&5
35-653.5
3%=-65345
35-653.5
3L-¢53.5
35+653,¢
i9=2 RS
~re ' ,

©92-125!
F$97-125¢
Suu=14 k
49¢~1250
€92=-1450
S5.u=lKk R
4S2~i25%3
492-125,
35-5S¢ R
35-59¢ R
45u=-T5%.R
45.=-T5.%
SvV‘ISJC
452=15¢5
452-1565
S\’J\.'l's R
«G2-125¢
462=-153¢
Sve—=125c
492-1365
4G2-1365
U-12C3FS
4%2-41¢E5
O-T5.P34
452-473%
492~476¢
137-165¢8
4524785
157-16:28
C-18.0tG
0-~18"CEG
(=1l3luch
—ibveG
C-18.0EG
=180NEN
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FradSURERENT
CHANSEL
dR=_':eB~Cq CUNTRTL
dR=2.4-CACINTRCL
IR="_S5A~-Ca CONTECL
LR=:LDe=CLALUNTRGL
dK=Ll6A-C, COATRGL
dn=.Cto-CATUNTARGL
IR=L.;TA-Co COATRCL
IR=uuTe=LACUNTREL
IR=iLeA-Co CUNTRTL
Lk=5_cd—CALOARTAROL
k=3 94-C, CONTROGL
IR=.29.~-CACONTROL
IR=S). A-C. CONTROL
2R=510.-CACONTROL
IR=51 1A=L CONTROL
In=ulle~CACONTSUL
R=_12A-Ce CONTROL

‘N“JL&. 5nsvnc=L;

CRUM
Lhkich
CRUM
GRUR
CRUN
LRUM
CRUM
CRUM
DRUN
CRUM
CKkyM
CRuGM
CRuM™
CRUN
Chum
CRUM
CRUK

n.n-

[32-35+24

TABLE 4-1 (Continued)

SESCRIFPTICN

PGSITIUN
PCIITIGN
PGSITIGN
PCSITIuUN
FUSITICN
PCSITICN
FOSITIUN
PCSITICN
PCSITICN
PCSITION
PGSITICN
PUSITION
PCSITIAON
PCSITICN
PCSITIGON
PUSITION
PUSITION

nﬁ(i:iﬁi

Ir=1L . FOL.AVG CCNY CRUN FJS;T[ON
TORJUE XuCl

ST=dcla=Ce CRUN

IT~802,-Ce LRUN TORQUE
IT-8L3e=Ce DRUN TCEQUE
AT=-8Le=L4 VRUN TCRQUE
dT1-8u34=C, ORUN TCORQUE
IT-8Co.=Ca DRUM TORQUE
4T-30T e ~-La CRUN TCPOQUE
LT-8. SQ-CQU“b. YCFGUE
I1=8.9.~Ce "RUN TCRLUE
2V¥=d.2«~C+ GRUM TGECLUE
ll—dll.-i.ﬁiu! ToRGUE
IT=312.-Ce ORUM TORCUE
IT=2813,=CoCrUM ACT BEARING UPPER
IT-Slee~Co ORUM ACT BEARING UPPER
LY—315.-Le SEAL RETALINER GAS Tomp
IT-313e=Ce SEAL ReTAINER GAS TEMP
IV-317.-Le ACTUATCOR FLECHACK ASSY
iT=t10e~Le ACTUATCR FELCBACK ASSY
I —8ive=CeCRUM ACTUATCR SEAL

IT=3¢a=Ce DRUA ACTUATCR StAL
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lY-Cuuo C.CGNIRGL
I¥—3L 3.-CLINTRCL
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2v=3 .2 5~Le CONTRCL
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lY‘&lu.'Q.CUN‘“UL
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2¢=32iu-CeCONTRLL
V=212 CONTRLRL
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GB-001.-Cj
GB-002.CJ
GB-003. CH
GB-003Y-CH
G8-011. -CB
GB -C13. -CH
GB-013Y-CH

GC-C01.-CJ
G(C-002.-CJ
GC-003.-CH
G(C-033B-CH
GC-011.-CY
GC-0Id. -CH
GC-013B-CH

GP-002. -CE
GF-"04.-C

GP-004D-C
GP-0id. -CE
GP-014D-C

Gr~00'.-CJ
GR-002.-CJ
GR-UJ3A-CH
GR-013A-CH

HA-N04. -C
HA-014.-C

HB-050.-C8
HB-033. -CH
HB-033Y-CH
HB-06C. -CH
HB-060Y-CH
HB-150.-CB

Astronuclear
Laboratory

TABLE 4-2

StLECTED FACILITY INSTRUMENTATION LIST

G! Open/Clssed Limit Indication

G2 Open/Closed Limit Indication

G3  Closed Limit Indicction

G-3 Transfer Switch Position Indication
G-11 Cpen/Closed Limit Indication
G-13 Clesed Limir Indication

G-13 Transfer Switch Position Indication

o

Grig Supoly Line Valve Command

-2 GNj Supply Line Valve Command

-5 Gas Propellant Pressure Valve Command
-3 Hold Closed Commarad

G-11 Helium Supply Valve Command

G-13 Helivm Pressure Valve Command

G-13 Hold Closed Command

QOO0

Line Pressure Upstream of G -3

Gas Pressure GF4 Venturi

CF-4 Venturi Differential Pressure
Helium Pressure Downstream of G-13
GF-14 Venturi Differential Pressure

G-1 Stem Position
G-2 Stem Position
G-3 Stem Position
G-13 Stem Position

Turbine Axial Acrelemation
Turbine Radial Acceleration

H-50 Cpen,/Close Limit Indication
H-33 Clcse Limit indication
ti-33 Transfer Command indication
H-60 Close Limit Indication
H-6C Transfer Command Indication
H-150 Oper/Clcse Limit Indication



Astronuclear

! aboratory
TABLE 4-2 {Continued)
EC-050.-CB H-3C0 GH> to Turbire Vaive Command
HC-053.-CH H-33 High Pressure GHy to Turbire Valve Command
HC-060. -CH H-6C NFS-3 Turbine Control Valve Command
HC-060P-CH H-60 Turbine Flow Contral Valve Scram Command
HC-150.-C8 H-15C GH, Vent Vclve Turbine Startup Command
HF-591U-C Pump Turbine Flowmeter
HP-055.-C Turbine Bottle Supply Pressure
HP-060. -C Turbine LH7 Supply Pressure
HP-007.-C Turbine Inlet Pressure
P-075.-C Turbine Cavity Pressure
HP-501.-C Purmp inlet Pressure
HP-511.-C Balcnce Piston Bieed Pressure
HP-520.-C Turbine Exit Gas Pressure
HP-32%,-C Pump Dischorge Prossere
HP-575.-C Interseal Bleed Pressure
HQ-590.-C LH5 Pymp Speed
HQ-590A-C LHoy Pump Speed, Backup
HR-J53A-~CH H-52 Stem Position
HR-060A~CH H-60 Stem Position
HT-0690. -C Turbine GHj Supply Temperciure
HT-501.-C Pump Inlet Tempercture
HT-511.-C Balance Piston Bleed Temperature
HT-521.-C Pume Discharge Temoerature
HT-921.-C Turbine Exit Gas Temperature
iv-00i.-C Progrcm Ne. T Output, L-11
iVv-002. -C Progrem No. 2 Qusxst High Pressure Dewar Flow
IVv-003. -C Progrem No. 3 Cuiput G-3 Flow
V-004. -C Progrem No. 4 Output Centro: Drums
IvV-005.-C Progrem No. 3 Curput Progrem Power
vV-006.-C Progem No. & Cutput Reactor Temperature
vV-007.-C X-35 - X-161 Program Qutput
Iv-203U-C Perioc Demenc
IV-204U-C Chember Tempercture Demand
IV-205U-C Power Demand
Wv-207.-C Temperzture Controller Qutput



K8-001.-CJ
KB8-002.-CJ
KB-003.-CB
KB8-006. -CH
KB-006Y-Ch
K8-007.-C8
KB-050.-CB
K5-053. -CH
KB-C53Y-CH
KB-061.-CB
KB-062. -CB
KB-103.-CP
KB-104.-CP

vo_1n7 _ro
e a» B e T

KC-001.-CJ
KC-002.-CJ
KC-003.-CB
KC-006.-CH
KC-006A~CH
KC-007.-CB
KC-050.-CB
KC-053. -CH
XC-061.-C8
KC-062.-CB
KC-063.-CP
KC-104.-CP
KC-107.-CF
KC-1078-Cr

KF-005U-C

Ki-001.-C
KL-002.-C

KP-003. -C
K P-005. -C
K P-005D-CE

Astronuclear
==/ Laboratory

TABLE ¢-2 {Continued)

K-1 Opei: Closed Limit Indication

K-2 Coen Closed Limit Indication

K-3 Open./Closed Limit Indication

K-6 Open Closed Limit Indication

K-6 Transfer Switch Position Indication

X-7 Open Closec Limit Indication

K-50 Open Closed Limit Indication

K-33 Closed Limit Indication

K-33 Transfer Switch Position Indication

K-61 Open Closec Limit Indica*ion

K-62 Open Closed Limit Indicction

K-103 Open,/Closed Limit Indicatios:

K-106 Open/Closed Limit Indicatien

¥ -107 Onon/Clocod 1imit Indication

X-1 Dewar 4 tlow Contral Valve Command
K-2 Dewar 5 Flow Control Valve Command
K-3 CTombined Dewcr Cutlet Valve Command
K-6 L, Fow Control Valve Commana

K-6 Servo Ccmmanc

K-7 Mixing Chomber Discharge Valve Command
K-30 Main GHj; Shutoif Valve Commana

K-33 Servo Amp Commanc Iraut Dewar Pressure Valve End

K-61 Dewar £ Presscrizing Shutoff Vaive Command
K-62 Dewar 3 Pressusizing Shutoff Valve Command
K-1G3 LH2 Cooldown Vent Valve Command

K-106 LH3 Cooldown Vent Valve Command

K-107 Mixing Choamber Chilloown Line Vaive Command
K~-107 Hold Clase Commanc

Mixing Chamber LH, Analog Fiow Rate

Dewa- 4 Leve! - Refiectometer
Cawar 3 Level - Reflectometer

LH, Pressure Upst-eam of K-3

LP; Pressur: Upstiecm of Mixing Chomber Supply Orifice
KF-5 Venturi Differential Pressure

4-15
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We-K07.-C
NFP-233.-C
WP-GE1.-CE
X2-062. -CE

NR-006A-CH
\R-033A-CH
KR-103A-CP
K R-106A-CP
K-107A-CP

KT-0Ci.-C
KT-002.-C
W 1-005.-C
NT-00oN~C
T-0C7.-CE
nT-CCTN-C
T-CF1.-C
X1-072. -C
KT-106.-C
KT-107.-C
= 1-107N-C

XV-007v-CL
v -300V-CL
K-, -C
KX-302.-C

13-001.-C

18-0C2.-C

18-005.-CJ
t8-C11.-CH
LB-CNY-CH
_8-C530.-CB
£8-053. -CH
L8-033Y-CH
1B8-061.-CB
LB-0€2.-C2
18-1C3.-C8
L3~1C9. -CH

TABLE 4-2 (Conrtinued)

Mixing Chamber Discharge Line Pressure
Dewar Fressurization Control Presscre
Dewar 4 Storage Pressure

Dewcr 5 Storage Pressura

K-6 Stem Position
K-33 Stemr Position
K-103 Stem Position
K-106 Stem Position
K-107 Stem Position

Dewcr 4 Outlet Temperature
Dewar 5 Outlet Tempeature
Yemperatire Upstresm of KF-5

- -

N £ e
~ A& - s
- T T4,

Mixing Chamber Cischarge Temperature

Mixing Chambe: Discharge Temperature, Narrow Range
Dewar 4 Temperature ot 290C Ib level

Dewar 5 Temperature ct 290C Ib level

X-106 Vent Temperature at K-6

K-107 Vent Temperatuie cr X-7

K-107 Vent Temperature ct K~7, Narrow Range

b 2 J
ARSI R Gsrew
ey v :

Total Mixing Chamber Flcw Demand
GH2/LH; Ratic Demand

Dewar 4 Leve! - Czroon Resistor
Dewar 3 Leve! - Carbon Resistor

L-1  Open/Closed Limit Indication
L-2 Cpen/Closed Limit Indication
-3  Open/Closec Limit Indication
L-11 Closed Limit Indication

L-11 Tronsfer Commonc Indication
L-36 Open/Clesed Limit indication
L-53 {losed Limit indicction

L-33 Trarsfer Command Inaication
L-61 Open/Closec Limit Indication
L-62 Open Ciosed Limit Indication
L-103 -Jpen,Closed Limit Indication
L-109 Close Limit Indicaticn

4-i6
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TARLE 4-2 {Coriinuec)
{B-109Y-CH L-109 Transfer Commana Ingication
LB-111. -CH L-1'1 Open/Close Lirit incication
18-151.-C8 1 -151 Open/Close Limit Inaicction
LB-251.-CB L-251 Open ‘Close Limit Indi:ation
LC-001.C L-1 Dewar | Outlet Valve Cemmend
1C-002.-C (-2 Dewar 2 QOutlet Valve Command
LC-0G3.-C L-3 LH2 Supply Valve Commanc
LC-0CGi.-CH i-il Servo Command
LC-011A-CH 1 -1 Serve Valve Hold Cpen Commanc
LC-0118-CH L-1! Holg Close Command
LC-G30. -CB L-50 Dewar Pressurization Line Block Vclve Commanc
LC-053.-CH L-53 Dewars ! and 2 Pressure Control Valve Commane
1C-04Y (R 1-41 Newar 1 Praccure Valve Commanc
L C-062.-C8 L-62 Dewar 2 Pressure Velve Command
LC-103.-CB L-103 Propeilant Iniet Line Vent Valve Commanc
LC-109. -CH L-199 LE) Flow Bypass Valve Command
' C-1il.-CH L-311 Mail LH7 Line Chilidowr. Vent Valve Commacnc
LCc-1s-C L-111 Hold Ciose Commana
LC-151.-C§H L-151 LH2 Dewar Pressurizction from Storage Valve Commenc
LC-251.-CB L-251 Lty Dewar Pressurization Restricted Flow Vclve Commane
LF-G:SU-C L-10 LH Computea Flow Rate
{L-001.-C Dewar ! Level Indicator, Reflectometer
LL-002.-C Dewar 2 Level Indicator, Reflectomerer
LP-003.-C LAy Line Pressure Upstream of L=3
LP-004. -C Pressure Upstrear: of Inlet Venturi LF—4
LP-004D-C LF~4 Inlet Venturi Delra Pressure
LP-010.-C Pressure Upstream of Discharge Ventu.” LF-10
LP-010D-C LF-10 Discharge Venturi Delta Pressure
LP-011D-C Delta Pressure Across L-11
LP-012.-C Nozzle Supply Pressure
LP-012A-C Nozzle Supply Pressure
LP-012B-C Nozzle Supply Pressure
LP-052.-C Dewars 1 and 2 GH Supply Pressure
LP-052D-C Differential Pressure Across LF-52
LP-061.-CE Dewar | Pressure
LP-062. -CE Dewar 2 Piessure
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LR-001.-CJ
LR-002. ~CJ
LR-003.-CJ
LR-OVIA-CH
LR-053A-C
LR-109A-CH
LR-11TA-CH

L7-001.-C
LT-062.-C
LT-010.-C
LT-01z. -C
LT-052-C

L1-C71.-C

IR .S Ve

Li~ws. >
L7-081.-C
L7-082.-C
L7-109.-C
LT-1ii.-C
LT-1TIN-C
LV-192P-C
LX-001, -C
LX~002.-C

N3-001.-CB
NB-002. -CB
NB-002. -C8
NB-0il.-CP
NB-021. -CP
NB-030. -C8
NB-050.-C8
NB-053. -CP
NB-061.-C8
NB-062. -8
NB-063. -CB
NB-110.-C8
NB-130.-CB
NE-221.-CB

TABLE 4-2 (Continuec!

L-1 Stem Position
L-2 Stem Position
L-3 Stem Position
L-11 Stem Position
L-33 Stem Position
L-109 Stem Position
L-112 Stex Position

Dewar 1 LH9 Octiet Terpertuie

Dewar 2 LH9 Cutlet Temperature

Lt Tempercture Upstream of Discharge Venturi FL-10
Nozzle Supply Tempercture

Dewars 1 and 2 GH, Supply Temperature

Dewar 1 Temperature ot 5800 b {evel

Dowsr 2 Temperoturs ot SA0C 1b level

Dewar 1 Temperature ot 29, 00C 1b tevel

Dewar 2 Tempercture at 29, GOC ib level

L-109 LHy Discharge Skin Temperature

Main LH7 Line Chillaown Vent Temperature

Main LH3 Line Crilidoan Vert Temperature, Narrow Range
Averane Nozzle Suppiy Pressure

Dewar 1 Level~Carbon Resistor

Dewar 2 ! evel-Camon Resistor

N-1  COpen/Close Limit Indication
N-2 Open/Clase Limit Indication
N-3 Oper: Close Limit Indication
N-!1 Open/Close Limit Indicction
N-21 Open/Close Limit Indication
N-30 Open/Close Limit Indication
N-30 Open,'Close Limit Indicaticn
N-53 Close Limit Indication

N-61 Open/Close Limit Indication
N-62 Oper./Close Limit {ndication
N-63 Open ‘Close Limit Indication
N-110 Open/Close Limit Indication
N-130 Open.Close Limit Indication
N-221 Open/Close Limit Indication

4-18



NC-0C1.-C8
NC-092. -CB
NC-003.-C8
NC-011.-CP
NC-021.-CP
NC-30.-C8
NC-050. -CB
NC-053.-CP
NC-061.-C8
NC-062. -C8
NC-063.-C8
NC-110.-CP
NC-130.-C8
NC-221.-C8

NP-001D-C
NP-002D-C
NF-:33D0-C
NP-004. -C
NP-010D-CE
NP-011D-C
NP-020D-C
NP-021D-C
NP-030. -C
NP-061. -CE
NP-062. -CE
NP-063. -Ct

NR-011.-C
NR-021. -C
NR-053A-CP
NR-110.-CP

NT-004. -C
NT-001.-C
NT-021. -C
NT-022.-C
NT-110-C

NT-110N-C
NT-130N-C

@ Astronuciear

Ladoratory

TABLE 4-2 (Continued)

N-1 Dewcr 6 Outlet Volve Command

N-2 Dewcr 7 Jutlet Valve Commauna

N-3 Dewar 8 Outlet Valve Command

N-11 RCV No. 1 Flow Control Vslve Command
N-21 RCV No. 2 Flow Control Valve Command
N-30 GN, Cooldown Supply Valve Command

N-5C LN2 Dewar Pressurization Line Block Valve Command
N-53 LN Dewar Pressurization Valve Command
N-61 Dewar 6 Pressure Supply Valve Command
N-62 Dewar 7 Pressure Supply Valve Command
N-63 Dewar 8 Pressure Supply Vclve Command
N-110 RCV Chilldown Vent Valve Command

N-13C GN2 Cooldown Vent Supply Valve Command
N-221 RCV lnlet Bypass Vcive Command

Dewar 6 Delta Pressure Level Indication

Dewar 7 Delta Pressure Level Indication

Dewar 8§ Delta Pressure Level Indication

RCV LN, Supply Pressure

PCV No. 1 LN inlet Venturi Delta Pressure (NF-10)
N-11 Delta Pressure

RCV No. 2 LNj Inlet Venturi Delta Pressure (NF-20)
N-21 Deito Pressure

RCV GNj Discharge Line Pressure

Dewar 6 Pressure

Dewar 7 Pressure

Dewar 8 Pressure

N-11 S!em Position
N-21 Stem Position
N-53 Stem Position
N-110 Stem Position

LN2 Dewar Supply Temperature

RCV No. 1LN3 Inlet Temperature

RCV No. 2 LN3 Inlet Temperature

RCV No. 2 LN Discharge Temperature
N-110 Vent Temoerature

N-110 Vent Temperature, Narrow Range
GN3 Cooldown Vent Temperature

4-19
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TABLE 4-2 (Continued)

QB-001.-CB Q-1 Oper/Closed Limit Indicction
QB-002.-CB G-2 Open/Closed Limit Indication
QB-003.-CB G-3 Open/Closed Limit Ingication
«B-004.-CB G-4 Open/Closed Limit Indication
QB-005.-CB Q-5 Open,Tlozed Limit Indication
Q8-006. -CB G-6 Cpen/Closed Limit Indication
Q8-007.-CB Q-7 Open/Closed Limit Indication
Q8-008. -CB Q-& Open/Closed Limit Indication
QB-009.-CB Q-9 Open/Closed Limit Indication
QB-010.-C8 G-10 Open/Closed Limit Indication
QB8-011.-CB Q-11 Open/Closed Limit !adication
QB-012.-C8 G-12 Op~1/Closed Limit Indication
QP-020.-C Helium Header Supply Pressure
8PL038..C CH 2 Preccure Lnctream of K-50
QP-040. -C N2 Run Supply Header Pressuic
QC-001. -CB Q-1 Bottle 1 Shutoff Valve Command
QC-002. -CB G-2 Bottle 2 Shutoff Valve Command
QC-003. -CB Q-3 Bottle 3 Shutoff Valve Command

C-004. -C3 Q-4 Bottle 4 Shutoff Valve Comr and
QC-005. -CB Q-5 Bottle 5 Shuioff Valve Command
QC-006. -CB Q-6 Bottle 6 Shutorf Valve Command
QC-007. -Ce Q-7 Bottle 7 Shutoff Valve Command
QC-008. -CB Q-8 Rottle 8 Shutoff Valve Command
QC-009.-C8 C-9 Bottle 9 Shutoff Valve Command
QC-010.-CB Gi-10 Bottle 10 Shutoff Vaive Commard
QC-011.-CB Q-11 Bottle 11 Shutoff Vaive Command
QC-012.-CB Q-12 Bottle 12 Shutoff Valve Command
SB-105-C Fixed Power Scram Indication
S8-4115-C Floating Power Scram Indication
S$8-4125-C Period Scram Indication
SM-001. -C Linear No. 1 Analog Range Indication
SM-002. -C Lenear No. 2 Analog Range Indication
SN-011.-C Linear Power No. 1, Block Na 2
SN-012.-C Linear Power No. 2, Block No. 2
SN-0135-C Selected Linear Power
SN-021.-C Log Pcwer No. 1, Block No. 2

4-20



SN-021A-C
SN-022. -C
SN-022A-C
SN-0235-C
SN-C31W-C
SN-032W-C
SN-061.-C
SN-062. -C
SN-063. -C
SN-064.-C
SN-065E-C
SN-0635-C

X8-001.-C8
Xd-003.-C8

wem v o
| S NS O
AT w IS e new

XB-GC18.-CB
X8-019.-CB
X8-0290.-CB
XB8-021.-CB
X56-022. -CB
X8-050. -CB
XB-053. -CH
XB-053Y-CH
XB-061.-CB
XB-101.-C8
X8-103. -CH
XB-~203.-CB
XC-001.-CB
XC-003.-Cg
xXC-0i7.-C8
XC-018.-CB
XC-019.-C8B
XC-020.-CB
XC-021.-CB
XC-022.-CB
XC-050. -CB
XC-033.-CH

TABLE 4-2 (Continued)

Log Power No. 2, Block No.
Log Power No. 3, Block No.
Log Power No. 4, Block No.

-l B

Selectea Log Power
Wide Band Log Power 1
Wide Band Log Power 2
Power Period No. 1
Power Period No. 2
Power Period No. 3
Power Period No. 4
Expanded Period
Selected Power Period

x-1

X-3

/-18
X-1¢
X-2G
X-21
X-22
X-50
X-53
X-53
X-61

Open/Clased L it Indication
Open/Cicsed Limit Indication
~ /Y e ey R it _a%_
Open/Closed Limit Indication
Ooen/Cloed Limit Indication
Open,/Closed Limit indication
Open/Closed Limit Indication
Open/Clased Limit Indication
Open/Closed Limit Indication
‘ose Limit Indication

Astronuctear
Laboratory

Transfer Switch Position Indication

Open/Closed Limit Indication

X=101 Open/Closed Limit Indication
X-103 Open/Closed Limit Indicction
X-203 Open/Closed Limit Indication
High Pressure Dewar Qutlet Valve Command

High Pressure Dewar Discharge Valve Command

X-1

X-3

X-17
X-18
X-19
X-20
X-21
X-22
X-50
X-53

High Pressure Dewar Bottle No.
High Pressure Dewar Bottle No.
High Pressure Dewar Bottle No.
High Pressure Dewar Bottle No.
High Pressure Dewar Bottle No.
High Pressure Dev.cr Bottle No.

1 Shutoff Valve Command
2 Shutoff Valve Command
3 Shutoff Valve Command
4 Shutoff Valve Command
5 Shutoff Valve Command
6 Shuisff Valve Command

Dewar 3 Pressure Supply Valve Command
High Pressure Dewar Pressure Control Valve Command
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TABLE 4-2 (Continued)
XC-0538-CH X-53 Hold Close Command
XC-061.-CB X-61 P Dewar Pressurization Valve Command
XC-101.-C8 X-101 HP Dewar Delivery Line Vent Valve Command
XC-102.-CH X-103 HP Dewar Discharge Line Vent Valve Command
XC-1038-CH X-103 Hold Close Command
XC-203.-CB X-203 HP Dewar Restricted Main Line Fill Valve Command
XP-002. -C HP Dewar Discharge Line Pressure
XP-0020-C HP Dewar Discharge Orifice Delta Pressure
Xp-053.-C HP Dewar Pressurization Supply Pressure
XP-061. -CE HP Dewar Pressure
XR=083A-CH X-53 Stem Position
XR-iG3A-CH X-103 Stem Position
X1-002. -C HP Dewar Discharge Temperature
XT1-102. -C Discharze Line Skin Temp. Upstream of X-103
XT1-103.-C HP Dewar Discharge Line Vent Temperaiure
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180°
LOOKING AFT i mscR

SYMBOL MEASUREMENT  STATION OF PROBES
@  TEMPERATURE (W/WR) 68.% 4
B PRESSURE 70.0 2
A PRESSURE
0.8 3 611680-38

Figure 4-1. NRX~AS Nozszle Chamber and Core Exit Flenum Measurements
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LOOKING AFT
e-0°

SUPPORT
BRACKET

/

150° 210°
180°
NUMBER
SYMBOL  MEASUREMENT STATION OF_PROBES
© TEMFERATURE (RRT) 52.3 6
O TEMPERATURE (C/C) 53.2 1
A  FRESSURE 52.5 2 611680-18

Figure 4-2. NRX-Ab Reflector Inlei Plenum Measurements Locations
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] 611680-58
=]
180
LOOKING AFT TOTAL

SYMBOL MEASUREMENT STATION NUMBER

@ <EFLECTOR CYLINDER EXIT GAS TEMPERATURE 0.0, -0.1 3

& DRUM VANE EXIT GAS TEMPERATURE -0.9 i

@ DRUM ANNULUS EXIT GAS TEMPERATURE -0.9 1

A REFLECTOR OUTLET PLENUM PRESSURE ~0.4 !

Figure 4-3. MNRX-A6 Reflactor Outlet Plenum Measurement Locctions
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FIRST PASS ANNULUS CONTROL DRUM

ACIUATOR RODS

SECOND
PASS AREA

~
240°
INUMBER
SYMBGL  MEASUREMENT STATION OF PROBES
@  TEMPERATURE (CCPPER/CCNSTANTAN)  -23.3 6
611630-28

Figurc 4-4. NRX-A6 Shield Dore End Plenum Measuremen: locations
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LGOKING AFY

785

A®-602

781

/ \

150 210°
180° NUMBER
SYMBOL MEASUREMENT STATION OF PROBES
® TEMPERATURE (COPPER/CONSTANTAN) <G.8 13
A PRESSURE -0.8 2
51168C-48

Figure 4-5. NRX-A$ Core Iniet Plenum Meascrement Locations
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LOCKING AFY

fr-360 (8
J-362 (32

TOTAL
SYMBOL MEASUREMENT STATION NUIMBER
@ REFLECTGR CYLINDER 21.0-21.4 10
& REFLECTCR CYLINDER 50.5-51.1 g
@ REFLECTCR CYLINDER 17.2 2
O CONTROL DRUM 8.0,32.0 4 611680-65
A REFLECTOR BOLT 25.7 4

Figure 4-6. NRX-AS Measurement Locations Reflector and Control Drum
Material Temperatures
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Figure 4-8. NRX-AS Mecsurement locations Lateral Support System
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SYMBOL LOCATION ume < CLUSTER EXIT GAS T°C' S ARE ROUTED THROUGH
e  CLUSTER EXIT GAS 2 v-680. -C. CENTRAL UNFUELED ELEMENTS WITH TIPS CENTERED
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Figure 4-11. NRX-Aé Core Measurement locations Cluster Exi; Gas and Tie
Rod Exit Material Thermocouples
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TOTAL NUMBER: 90

INREGULAR CLUSTERS: 45 CONIROL DRUM NO. 1
iN IRREGULAR CLUSTERS: 36 6-19 g -0° 04l 0

9 6-18 039
444“-- ~,‘.~‘ &, 032
) () & o .'.. 0
’ S 63 S IDPe 928
a e

6-25
8

Figure 4-12. NRX-A6 Core Measurement Locaiions Therma! Capsules
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5.0  NEUTRONIC SYSTEM TESTS

S.1 Poison Wire Removal Operations

5.1.1 Objective

The objective of these opemations is to effect complete poison wire 2moval (6207
peripheral and 783 central for a total of 6990 wires) at the MAD facility and to assure that
an adequate shutdown margin exists, as defired by the NRX-A6 Test Specification' and the
NRX-Ab Safety Evaluation Report 17.

5.1.2 Operational Limits

Shutdown Margin

The assurance of a shutdown margin of at least 2. 00$ shall be established before each

withdrawal increment] .

Number of Wires Per Increment

During peripheral poison wire removal operations the number of wires to be removed in
each increment is limitec to the smaller of either 1) ten percent of the original poison wire
inventory of 6990 wires or 2) ten percent of the number of wires (to the nearest whole cluster)
which, if removed, would lead to violation of the shutdown margin limit.

During central wire removal operations (783 wires)*, the number of wires to be
removed per increment is limited to the smaller of 1) fifteen percent of the criginal number
of central wires or 2) fifteen percent of the number (to the nearest whole cluster)I2 which,

if removed, would lead te violation of the shutdown margin limit.
5.1.3 Predictions

Predictions during poison wire removal operations have been sepcrated into two

parts, peripheral and central wire removal.

*The presence of exit gas thermoccuples which shadow 15 central coolant chanrels reduced
the central poison wire inventory from the usual 798 to 783. The reduction was made in
clusters 4A1, 6A1 and 181, each of which now contain 37 wires.
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Peripheral Wire Removai

This first group of predictions for the peripheral poison wire removal is *aken from
NRX-AS measurements reported in Reference 13. The following discussion describes the basis
for this prediction.

Shown in Figure 5-1 is a schematic of the source/detector geometiy which is planned
for use during all wire removal opemtions”. Comparison ¢ this geometry with thot used
during peripheral wire removal on NRX-A5 (see Figure C-2 of Reference 13) indicates that
only cne detector, C~2~, was in the geometry of detector B in Figure 5-1. The predicted
inverse multiplication curve, shown in Figure 5-2, Las, therefore, bee:i. taken to be tre r=sponse
of NRX-AS5 detector C-2*. In principle, ¢ small modification f.'r the expected diff .- nce in
shutdown of the t~o reactors should be made. However, the differences are smalt and would

not result in a noticeable change in the curve.

Central Wire Removal

During central wire removai at the MAD facility, the shutdown reactivity margin
will be moritored by two methods:

1) o graphical approach based on the curve ot inveise multiplication as a function
of poison wire content, and

2) o numerical technique based on tie meusured source neutron multiplication rate

with (1) the control drum bank at zero and(2) one drum at 180 degrees, eleven arums at zero.

The predicted behavior is discussed below.

Inverse Multiplication Method

The NRX-A6 is designed to be shutdown by 3.78%* with control drums alone before
installation in the test cell, so it is expected that removal of all poison wires will not lead to

criticality. Therefore, when neutron nultiplication data taken during wire removal (with the

*Based on a delayed critical drum bank position of 91 degrees (with the shields withdrawn
and empty) and @ control drum bank span of 7.4%.
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contrei drum bank ot 0 degrees) are plotted in the standard inverse aultiplication form, as
shown in Figure 5-3, the extrapolation to criticality wiil indicate removal of more poison
wires than are actually present. The appurent shutdown may then be calculated (assuming
the wire worth is about 1.0¢ per wire) by subtracting the number of wires removed from

the total numoer of wires whick, if removed, would lead to criticality. The predicted
inverse multiplication measurements are shown in Figure 5-3 and tn: p° dicted shutdown in
Figure 5-4. Figure 5-5, developed :..m